Background: Non-alcoholic fatty liver disease (NAFLD) is described by the abnormal accumulation of fats in livers of individuals without significant alcohol intake. It includes a spectrum of diseases from simple steatosis to steatohepatitis (NASH) with fibrosis and cirrhosis. The prevalence of NAFLD is rising in association with increasing obesity worldwide. Retinoic acid (RA), a metabolite of vitamin A, mediates the functions of vitamin A required for growth and development. Also, RA has been shown to reduce adiposity not only in fat cells but also in the liver through increasing triglyceride hydrolysis and fat oxidation. This could put a future trial of preventing NASH and cirrhosis development by vitamin A supplementation. This work aimed to study the role of retinoic acid in NAFLD, whether it can differentiate simple steatosis from NASH and correlate the result with the NAFLD fibrosis score. It is a cross-sectional study done on 180 patients divided into three groups. Group 1 is composed of 80 patients with simple steatosis and normal ALT; group 2 is composed of 80 patients with NASH and high ALT in addition to group 3 with 20 healthy subjects served as a control group. All patients were proven to have fatty liver by ultrasonography. Serum RA was assayed by using enzyme-linked immunosorbent assay (ELISA) technique, and the NAFLD fibrosis score was calculated and compared with the retinoic acid level. Result: Serum RA level was significantly decreased in the patient groups as compared to the controls; the lowest serum level was observed among the NASH group, followed by the steatosis group. NAFLD fibrosis score was calculated, and it was higher in the NASH group than in the steatosis group. Besides, there was a significant negative correlation between retinoic acid and NAFLD score among the patient groups. Conclusion: Serum RA level was lower in patients with simple steatosis and NASH. RA had a high statistically significant difference in differentiation between the patient groups and the control group. The results were comparable to the NAFLD fibrosis score. Thus, retinoic acid could be used for diagnosis and accessing the degree of NAFLD.
Background
Non-alcoholic fatty liver disease (NAFLD) is defined as the presence of hepatic steatosis in the absence of other causes of fat deposition in the liver. NAFLD includes simple steatosis, steatosis with various degrees of inflammation, and fibrosis, which is called non-alcoholic steatohepatitis (NASH). NAFLD is considered the most prevalent liver disease as a result of increased obesity incidence worldwide [1] .
Simple steatosis is a benign disease; however, NASH is considered to be a potentially health-threatening inflammation that may progress to cirrhosis, liver cell failure, and Hepatocellular carcinoma (HCC) [2] . Recently, there has been an increase in the mortality rate and the number of liver transplantations as a result of NASH complications. Non-alcoholic steatohepatitis (NASH) is now the second indication for liver transplantation in the USA [3] .
At present, the gold standard technique for NASH diagnosis is a liver biopsy; nonetheless, it is an invasive procedure with possible serious complications and limitations [4] . NAFLD diagnosis requires the presence of hepatic steatosis either by imaging or histology in the absence of significant alcohol consumption [5] .
Scoring systems using clinical and/or laboratory parameters to identify patients with NASH from the larger pool of NAFLD patients have been evaluated [6] . The most commonly used is the NAFLD fibrosis scoring system, which uses six commonly measured parameters. These include age, hyperglycemia, body mass index (BMI), platelet count, albumin level, and AST/ALT ratio. By using a low cut-off score, the NPV for excluding advanced fibrosis was around 88%. When a high cut-off scores (0.676) was used, the PPV for predicting advanced fibrosis was almost 90% [7] .
Many serum markers were proposed for diagnosis of the NAFLD, but all are still not yet approved [8] . Retinoic acid (RA), a metabolite of vitamin A (retinol), mediates the functions of vitamin A required for growth and development through binding with the retinoic acid receptor (RAR) and retinoic acid X receptor (RXR), which then regulates the target gene expression [9] .
Vitamin A is linked to NAFLD as the liver is the primary storage site of vitamin A, and vitamin A has a role in the control of adipose tissue [10] . Vitamin A is stored in the quiescent hepatic stellate cells (qHSC), and these cells are responsible for fibrogenesis. When qHSC get activated to become profibrogenic HSC, the activated HSC lose their vitamin A content. The retinoic acid role was proposed to effectively reduce adiposity in the liver and enhance hepatic fat catabolism [11] .
Aim of the work
The present work aimed to study the clinical relevance of retinoic acid in patients with NAFLD and to detect its ability to differentiate simple steatosis from NASH and correlate its results with NAFLD fibrosis score.
Methods
It is a cross-sectional study. Subjects in this study were recruited from the in-patient ward and the outpatient clinic of the Internal Medicine Department of Ain Shams University Hospitals from the period of October 2016 to January 2018. Informed written consent was obtained from each participant before enrolment in the study. Moreover, the study was approved by the Research Ethics Committee of Ain Shams University.
The included subjects were classified into group 1 which is composed of 80 patients with simple steatosis proved by ultrasound to have fatty liver, with normal ALT, and group 2 which is composed of 80 patients with non-alcoholic steatohepatitis (NASH) proved by ultrasound to have fatty liver, with high ALT. All other causes of hepatitis, fibrosis, and cirrhosis such as viral hepatitis B and C, alcoholic liver disease, drug-induced hepatitis, e.g., isoniazid and αmethyldopa, drug-induced fatty liver, e.g., corticosteroids and amiodarone, metabolic liver diseases including Wilson disease, α-1 antitrypsin and hemochromatosis, autoimmune hepatitis, primary biliary cirrhosis, and sclerosing cholangitis were excluded from the study. In addition to group 3, 20 age and sex-matched subjects, served as a healthy control group.
A full history was taken from all individuals included in this study with a thorough clinical examination with particular emphasis on anthropometric evaluation (measures of body weight and height) for calculation of body mass index. All participants in this study were subjected to routine laboratory hematology and chemistry assay including complete blood picture, liver function tests (albumin, INR, total and direct bilirubin, ALT, AST, and alkaline phosphatase), HCV Ab and HBsAg, kidney function tests (serum creatinine and blood urea), fasting blood sugar, HbA1C, lipid profile. Estimation of serum retinoic acid level throughout the enzyme-linked immunosorbent assay (ELISA) technique according to the manufacturer's instructions. Serum RA levels were measured using the commercial ELISA kit supplied by Life Science Company.
Abdominal ultrasonography was done for all subjects for diagnosis of non-alcoholic fatty liver and exclusion of other etiologies.
NAFLD fibrosis score was also calculated for all patients. It was calculated as per the following formula: − 1.675 + 0.037 × age (years) + 0.094 × body mass index (BMI, kg/m 2 ) + 1.13 × impaired fasting glucose/diabetes (yes = 1, no = 0) + 0.99 × AST/ALT ratio − 0.013 × platelet (× 109/L) − 0.66 × albumin (g/dL). The result was interpreted as low NFS (<− 1.445), indeterminate NFS (− 1.445 to 0.676), and high NFS (> 0.676) [12] .
Results
This study included 180 patients who were divided into three groups: group 1, 80 patients with simple steatosis and normal ALT; group 2, 80 patients with NASH with high ALT; and group 3, 20 healthy subjects. Table 1 showed that there was no significant difference between the studied groups regarding sex, age, and BMI. Table 2 showed that there were no significant differences between the studied groups regarding AST, albumin, HbA1c, total cholesterol, and triglycerides. Retinoic acid level had high statistically significant difference among the studied groups, as the lowest levels were in NASH group, and the highest levels were in the control group. NAFLD score was higher in the NASH group than in the steatosis group, with a high statistically significant difference between the control and the patient groups. Figure 1 showed that the retinoic acid level lowest levels were in NASH group, and the highest levels were in the control group with a high statistically significant difference among the studied groups. Figure 2 showed that the NAFLD score was higher in the NASH group than the steatosis group, with a high statistically significant difference in the differentiation between NASH Group and the steatosis group. Table 3 showed that there were significant negative correlations between HbA1C, TC, retinoic acid, and NAFLD score among the patient groups. Table 4 showed that retinoic acid level showed a high statistically significant difference among the studied groups. NAFLD score had a high statistically significant difference in the differentiation between the NASH group and the steatosis group. Table 5 showed that in the differentiation between group 1 and group 3, retinoic acid value ≤ 120.0 had high diagnostic accuracy, while NAFLD score ≥− 3.25 had high sensitivity and PPV. Table 6 showed that in differentiation between group 1 and group 2, retinoic acid value ≤ 87.0 had high sensitivity and negative predictive value, while NAFLD score ≥− 0.10 had a high specificity and positive predictive value.
Discussion
At present, non-alcoholic fatty liver disease (NAFLD) is assumed to be the most common chronic liver disease. Retinoic acid (RA) is primarily involved in the regulation of lipid metabolism and hepatic steatosis [13] .
Although some studies showed that RA supplementation might be a promising therapeutic approach in fatty liver disease, the clinical relevance of RA in the pathogenesis of hepatic steatosis and NAFLD has not been carefully investigated. So, the present study was designed to study the role of retinoic acid in the development and progression of NAFLD from simple steatosis to NASH and to compare the results with the NAFLD fibrosis score. After approval of the institutional review board, this study was conducted at the Internal Medicine Department, Ain Shams University Hospitals. Informed consent was obtained from all subjects enrolled in the study.
Our study obtained samples from 80 patients in group 1 (52 males and 28 females), 80 patients in group 2 (50 males and 30 females), and 20 control patients (14 males and 6 females). There were no significant differences between the studied groups regarding age and sex. Also, Liu et al. (2015) [14] showed that were no significant differences in age or female to male ratio between subjects in control, NAFLD, and NASH groups. On the other hand, Chaves et al. (2008) [15] showed that the mean age was significantly higher within the NAFLD group with and without steatosis. Also, there was no significant difference in BMI between the studied groups, and this in disagreement with the studies of Liu et al. (2015) (14) and Bottella et al. (2011) [16] who showed significant difference in BMI between studied groups with higher BMI in NAFLD than the control groups; however, in their study, they selected patient group to be obese from the start. The high prevalence of obesity could explain this in Egyptian people; that is why both patients and controls were obese from the start with no significant statistical difference between them.
The present study showed that FBG had the lowest levels among the control group, followed by the steatosis group and had the highest levels in the NASH group, with no significant differences between the studied groups. Liu et al. (2015) [14] stated that the concentration of fasting plasma glucose in subjects with NAFLD and NASH was significantly higher than that in control subjects.
Miyazaki et al. 2012 [17] showed that BMI, ALT, and LDH were significantly higher in NAFLD patients than in the control group. Nutritional parameters, including total cholesterol, triglyceride, and fasting plasma glucose levels, were higher in the NAFLD patients than in the control group, although these differences were not statistically significant.
HbA1C was significantly higher in the patient groups than the control group with no significant difference between the steatosis group and the NASH group, but TG and TC showed no significant difference between studied groups. Our study showed that serum retinoic acid level was significantly different among the studied groups, was lowest in the NASH group, followed by the steatosis group and highest in the control group and this was in accordance with Mourad et al. 2018 [18] and Pettinelli et al. 2018 [19] .
However, other studies displayed no significant differences between control and NAFLD adults as Cengiz et al. 2010 [20] or even higher serum retinol in patients with NAFLD compared with a control group in Alkhouri et al. 2009 [21] . Senno et al. 2010 [11] found a positive correlation between serum retinol values and concentrations of AST and ALT in NAFLD. Serum retinol was the only biochemical variable that could predict AST and ALT concentrations in these patients, pointing to retinol as a potential marker for liver damage.
NAFLD score was higher in the NASH group than the steatosis group, with a high statistically significant difference in the differentiation between NASH group and the steatosis group.
The correlation analysis revealed a negative correlation between retinoic acid and NAFLD score among the steatosis group and the NASH group. The receiver operating characteristics (ROC) curve was used to define the best cutoff value of serum retinoic acid level. Retinoic acid had a significantly high statistical difference in the differentiation between the study groups similar to that of NAFLD fibrosis score.
Some limitations need to be discussed in the present study. First, more randomized controlled clinical trials in human subjects are required to confirm the fundamental role of low RA concentrations in NAFLD and to correlate the results with a liver biopsy; besides, the possible preventive or therapeutic advantage of RA needs to be evaluated to confirm its benefits and safety. Furthermore, in diagnosing NAFLD in the studied groups, most of the previous studies used ultrasound only, which is limited by its inability to differentiate mild steatosis from fibrosis and to accurately quantify fatty infiltration; besides, it is an operator dependent. Others used a liver biopsy, which is an invasive method with possible serious complications. Nevertheless, in our study, we used, in addition to ultrasound, NAFLD fibrosis score, which is one of the accurate scores in diagnosing and differentiation simple steatosis from NASH and compared its results with RA serum levels.
Magnetic resonance elastography (MRE) is a noninvasive medical imaging technique that measures liver stiffness can also be used; however, the issue of the cost and the availability of the MRI needs to be discussed. This may open new insights on the use of serum retinoic acid in NAFLD as regards the cost per test, and being a single biomarker could be less costly than variable laboratory parameters already used right now or imaging techniques as MRE.
Conclusion
The present study showed that serum RA was lower in patients with simple steatosis and NASH with high statistical significant differences in differentiation between the patient groups and the control group. NAFLD fibrosis score had high sensitivity in differentiating the NAFLD groups from the control group and in differentiating the steatosis group from the NASH group. Additionally, there were significant negative correlations between retinoic acid and NAFLD score among steatosis and NASH groups. Serum RA concentration is lowest in the NASH group. Consequently, Retinoic Acid can be used as a single noninvasive tool for diagnosis and assessing the degree of NAFLD and possibly differentiating simple steatosis from NASH. 
